Results
7GF-ft Induces IgA Production ofLPS-stimulated B Cells. T cell-depleted B cells were stimulated with LPS for 5 d, and TGF#, IL-5, or TGF0 plus IL-5 was added to the culture on day 1 . As shown in Fig. 1 , addition of TGFfl or IL-5 enhanced IgA PFC responses . IgA responses reached a maximal level when 1 ng/ml of TGF/3 was added, and were higher than those induced by IL-5. In this case, cell recoveries after the culture with TGF # were decreased to -50% of control cultures (data not shown) .
Addition of both TGF S and IL-5 caused more striking IgA production than that induced by either of cytokines . No significant IgA production was observed in the absence of LPS.
To evaluate whether TGF# selectively enhances IgA production, the effect of TGFJ6 on IgM and IgG1 production was also examined . As shown in Table I, addition of IL-5 enhanced IgA, IgM, and IgG1 production by LPS-stimulated B cells . TGF 0 augmented IgA production and acted additively with IL-5, whereas it showed a FIGURE 1 . Enhancement ofpolyclonal IgA production of LPS-stimulated B cells by TGFft . T cell-depleted B cells (105 /well) were stimulated with LPS (10 tcg/ml) for 5 d . Either IL-5 (100 U/ml), TGF 16 (1 ng/ml), or IL-5 plus TGF S was added on day 1 . After the culture the numbers ofIgA-producing cells were enumerated by the reversed PFC assay. Results were expressed geometric means of IgA PFC of triplicate cultures and SDs. T cell-depletecl B cells (105/well) were cultured with LPS (10 hg/ml) for 7 d . Either TGF-S, IL-5 (100 U/ml), or TGF-0 plus IL-5 was added on day 1 . After the culture IgA levels in supernatants were titrated by ELISA . Results were expressed as mean value of triplicate cultures . significant inhibitory effect on IgM and IgG1 secretion irrelevant to the existence of IL-5. The augmenting effect of IgA production by TGFi0 was abrogated by anti-TGFS antibody (Table II) , whereas IL-5-induced IgA synthesis was not affected. These results indicate that the effect we are looking at is caused by TGF#, and TGF-0 is not involved in IL-5-mediated IgA production . Anti-TGF-fl antibody or control antibody was added to the culture when TGF-0 or IL-5 was added on day 1 . Results were expressed mean value of triplicate cultures .
We analyzed the time course of TGFS and IL-5 for their additive effects on IgA production. TGF-0 was added on day 2 or 3 to the culture in the presence of IL-5 ( Fig. 2 , groups 7 and 8). In other groups, IL-5 was added to the culture on day 2 or 3 (groups 5 and 6) in the presence of TGFS . Either TGF13, IL-5, or TGFS plus IL-5 was added to the culture on day 1 (groups 2-4). Simultaneous addition of TGF0 and IL-5 induced maximal IgA production (group 4). Addition of IL-5 on day 2 or 3 induced a maximum IgA production in the presence ofTGF-0 (groups 5 and 6). In contrast, addition of TGFS on day 2 or 3 showed no additive effect by antecedent addition of IL-5 (groups 7 and 8).
7GF--0 Acts on sIgA -B Cells to Induce IgA Production. sIgA -B cells were separated showed an additive effect with TGF0 on IgA production by sIgA-B cells, whereas both IgM and IgG1 production induced by IL-5 were inhibited by TGF S, and there were few differences between the unfractionated and sIgA-B cells regarding their production (data not shown). (Table III) whereas IL-5 was ineffective . Several investigators, including us (6) (7) (8) (9) (10) , demonstrated that IL-5 enhances IgA formation by LPS-stimulated B cells. As we reported, IL-5 can stimulate DNP-primed sIgA' B cells for anti-DNP IgA antibody production (6) . It is also evident from Table III that LPS-stimulated sIgA-B cells do not respond to IL-5. These results suggest that IL-5 predominantly acts on sIgA+ but not sIgA-B cells as a maturation factor for IgA production. Taking in account the fact that IL-5 induces IgM and IgGI production and TGFS inhibits this production, TGFS enhances IgA formation by different mechanisms than those mediated by IL-5. There are at least two possibilities to account for the enhancing effect of TGFS on IgA production. First, TGFS may expand sIgA-B cells to switch to sIgA' B cells . In this case, TGFS can be thought of as an IgA-specific class-switching factor. Alternatively, TGFS may simply be expanding a specific subset ofB cells or B cells at a particular stage of differentiation that are already programmed to switch to IgA . The fact that TGFS was effective in enhancing IgA formation in sIgA-B cells (Table III) may support the idea that the enhancement of IgA formation by TGF S is caused by expansion of B cells switching from sIgA -to sIgA+ and also by postswitched B cells at a particular stage ofdifferentiation and by induction of differentiation of these cells to IgA-forming cells. Kawanishi et al. (17) reported that T cells in Peyer's patches, but not in spleen, induce LPS-stimulated IgM-bearing B cells to switch to sIgA' B cells . TGFS may be one of the candidates for such an IgAswitching factor, however, it is not well characterized concerning TGFS-producing T cell subsets . If TGFS could be produced by the same T cell subset that produces IL-5, sequential stimulation of T cells by microbial antigen may induce preferential production of TGFS and IL-5, which in turn induces sIgA-B cells to sIgA' B cells followed by differentiation into IgA-secreting cells.
In conclusion, although TGFS inhibits B cell proliferation, it selectively induces IgA production by sIgA' B cells as well as suppresses IgM and IgGI production, and TGFS acts on B cells additively with IL-5 for IgA production. The experimental system described here should prove to be very useful in further analysis of the steps involved in T cell-dependent IgA production of murine B cells.
Summary
Effects of transforming growth factor # (TGFS) on IgA production by LPSstimulated B cells have been studied . TGFS itself could augment polyclonal IgA production in concomitant inhibition ofpolyclonal IgM and IgG1 production. Furthermore, TGFS and IL-5 additively augmented IgA production. TGFS exerted its activity early in the culture (by 2 d in a 5-d culture) and IL-5 was required late in the culture . Surface IgA' (sIgA-) B cells responded to TGFS for the development of IgA-secreting cells. By contrast, sIgA' B cells, but not sIgA-B cells, responded to IL-5 for IgA production. These results suggest that TGFS has a differential role in the induction of IgA production from IL-5 on murine-activated B cells.
